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5ABSTRACT
Fluorescence spectroscopy was used to explore
the mechanism of muscular contraction. Since intrinsic
luminescence of muscle does not appear, external
fluorescent agent must be attached to it. The Eu3+ and
Tb3+ ions were chosen as the fluorescent probes to the
living muscle system. The muscle stained with each kind
of the fluorescent probe was illuminated with a selected
line of the argon ion laser light. The 465.8 nm line was
applied to the Eu3+-probed muscle the 488.0 nm was
applied to the Tb3+-probed muscle.
The laser induced fluorescence emission was
analysed with a double spectrometer system. Due to the
weakness of the fluorescence signal and the strong
scattered incident laser light, a double spectrometer
system must be used to increase the signal to noise
ratio. Side effects of the probes on the living muscle
were measured in terms of the twitch response and the
static tension after the application of the probes to
the muscle.
The Tb3+ and Eu3+ ions inhibited the muscular
contraction as the muscle was activated electrically. It
was interpreted as the evidence of the replacement of
the extracellular calcium ions by the Tb3+ or Eu3+ ions
on the cell membrane according to the Frank's model
6(1982). The ratio of the intensity of 595 nm transition
to the intensity of 615 nm transition in the
fluorescence spectrum of Eu3+-solution differed from
that in the fluorescence spectrum of Eu3+ probed muscle.
This revealed that there existed some interactions
between the extracellular calcium binding sites and the
probes.
It was found that Tb3+ and Eu3+ ions made the
muscle lose its excitability to electrical stimulation.
The toxic effects can be lessened by reducing the number
of these ions attached to the muscle. However, this
reduction leads to smaller signals which might be below
the sensitivity of the measurement. Therefore, the
development of Tb3+ and Eu3+ ions as optical probes for
studying muscles lies in the balance between the






The muscle system confers on the grace, of
animals in movement or at rest. The contractility of
muscle is the basis of physical action for more complex
organisms. But how does muscle contract?
Physiologists, biologists and biochemists have tried to
answer this question for a long time. Unfortunately, up
to now, no definite conclusion has been reached. Since
the mechanism of muscle contraction must be governed by
laws of physics, the participation of physicists to
study this problem, doubtlessly, should help to reveal
some basic principles which have been disregarded. In
addition, experiments involving methods that are
frequently used in the field of physics, may provide
more information on the contraction mechanism. We shall
discuss how the optical method can be applied to the
study of muscle contraction, and see whether this may
shed new light on this matter.
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1.1 General Architecture of Vertebrate Muscles
(Huxley, 1958 Huxley Hanson, 1960 Squire, 1981
Chan, 1982)
Vertebrate muscles are usually classified as
'striated' or 'smooth', depending on how they look like
under an ordinary light microscope. Skeletal and cardiac
muscles are striated muscles. Skeletal muscles act
quickly and under voluntary control but cardiac muscles
act involuntary. Smooth muscles act slowly and
involuntarily.
Conventionally, most investigations of muscle
have dealt with the skeletal muscle. Muscles of this
type posses a considerable degree of structural
regularity. This simple organization makes the
experimental work can be carried out relatively easily.
And our discussion will also refer specifically to
muscles of this type.
l.l.l Skeletal Muscle Fibres
A striated muscle (Fig. l.la) consists of a
bundle of fibres. At both ends of the bundle there are
tendons, where each fibre ends on. A tendon is a firm
white, fibrous inelastic cord, which attaches a muscle
to the bone. The fibres of these muscles, as seen in the
light microscope or electron microscope, are
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transversely striped in a very regular manner. The
striation arises from a variation of density along the
length of the fibre (Fig. l.lb). Each fibre has a
diameter between 50- 100 microns.
1.1.2 Myofibrils
A fibre is made up of thousands of myofibrils.
A myofibril is about a micron in diameter (Fig. 1.1c)..
Like the appearance of a fibre, myofibril is cross-
striated. Actually, the striations of the fibre come
from the striations of the myofibril. Under a powerful
light microscope, a regular alternation of dense bands
and lighter bands can be observed (Fig. l.ld). The dense
bands are called A-bands the lighter bands are called
I-bands*. The central regions of A-bands are often less
dense than the rest of the bands, and is named as H-zone
(Fig. 1.1e). The variation in optical density is indeed
the result of the variation in protein concentration
along the myofibrils.
When a striated vertebrate muscle is near its
relaxed length, its A-band is commonly about 1.5 microns
long, and its I-band is about 0.8 micron long. The I-
band is bisected by a dense narrow line, the Z-membrane,
A stands for anisotropic I stands for isotropic.
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or Z-line. From one Z-line to the next Z-line, a basic
repeating unit of a myofibril is defined and is called
a sarcomere. The length between two successive Z-lines
is one sarcomere length (SL). SL is usually not more
than 15 microns in vertebrate animals, SL is commonly 2
to 3 microns.
1.1.3 Thin Thick Filaments
The myofibril is constructed of still smaller
protein filaments which lie parallel to its long axis
and are arranged in a series of overlapping arrays
(Fig. 1.1f). There are two kinds of filament, one of
which is twice as thick as the other. In vertebrate
skeletal muscle, the thick filaments are about 100
angstroms in diameter and about 1.5 microns long the
thin filaments are about 50 angstroms in diameter and
about two microns long.
Each filament is arrayed in register with
other filaments of the same kind. Two types of array,
alternating along the myofibri1, are then formed. The
two arrays overlap one another, where the thick and thin
filaments interdigitate each other. These regions are
the dense and anisotropic (birefringent) A-bands.
Regions, where thin filaments are present alone, are
known as I -bands. For the I -bands, they appear to be
less dense and nearly isotropic (less birefringent).
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There is a short region at about the centre of each A-
band, where only thick filaments are present. This is
the H-zone.
1.1.4 Cross Bridges
The two kinds of filament interlock by means
of a cross-bridge system. Each of the thick filaments
has a large number of regularly spaced short lateral
projections. The projections extend towards and appear
to touch the thin filaments. Such projections are so
called cross-bridges between the thin and thick
filaments.
1.1.5 The Proteins of the Filaments (Murray Weber,
1974)
Thin and thick filaments are made up of
proteins. The thick filaments are composed mainly of the
protein 'myosin' whereas proteins 'actin', 'troponin'
'tropomyosin' comprise the thin ones.
A thick filament contains several hundred
myosin molecules. A myosin molecule resembles a thin rod
with two small globular 'heads' at one end. The
molecules are arrayed within the thick filament with
their heads toward the two ends. Except for a bare zone
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in the middle, that is the H-zone, the entire thick
filament is therefore studded with the heads of myosin.
Apparently, the projections, or the cross bridges, are
these 'heads' (Fig. 1.2). Among the three kinds of
protein incorporated in the thin filament, actin
predominates. The stoichiometry among them is
Actin:Troponin:Tropomyosin= 7:1:1.
Troponin actually consists of three kinds of components.
They are 'troponin T', 'troponin C' and 'troponin V.
1.2 Contraction Model: The Sliding-Filament Model
(Huxley, 1958 Huxley, 1965 Murray Weber, 1974)
According to the sliding-filament model
(Huxley,A.F. Niedergeke, 1954 Huxley,H.E. Hanson,
1954), when the muscle contracts, the two arrays of
filaments slide into each other (Fig. 1.3). Therefore,
the length of A-band does not alter but the lengths of
the H-zone and I-band change. The driving force for the
sliding comes from the cross bridges on the thick
filaments. They attach to the thin filaments at a
certain angle and then presumably swivel to a different
angle, pulling the thin filaments past the thick one. In
order for significant shortening to occur, each cross
bridge must act in a cycle: it must attach, swivel,
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Fig. 1.2 Schematic Diagrams Showing The Form Of One Myosin Molecule
(A Tail On The End Of Which Are Two Globular Heads) And
The Way Such Molecules Are Thought To Aggregate To Form






















detach, and then reattach at a point further along the
thin filament. The contraction process is the result of
a series of these cycle.
1.3 Optical Studies of Muscle
The striation pattern of a skeletal muscle
fibre seen under a light microscope is the first optical
property of muscle observed. The variation in optical
density results in the existence of birefringence for a
fibre and a myofibril. The dense A-bands of a myofibril
are anisotropic and more birefringent the lighter I-
bands are nearly isotropic and less birefringent. This
property then leads to a variety of extensive
researches.
A fibre can be regarded as a one-dimensional
grating due to periodic changes of refractive index
along the fibre axis (Fujime,S., 1975). When a fibre is
illuminated by a laser beam, a diffraction pattern can
be observed. Using laser light diffractometry,
myofibrillar diameter was measured (Leung, Hwang
Cheung, 1983) average sarcomere length was monitored
(Leung, 1983a) and some dynamic data were recorded when
a fibre was electrically activated. The dynamic data
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included the latent period, the period of the
contraction-relaxation cycle, the shortening and
relengthening speed (Leung, 1983b). The properties of
optical activity and circular dichroism were also
examined by means of the light diffractometry method.
Another approach to explore the mechanism of
muscular contraction is the use of fluorescence
spectroscopy. Firstly, proteins of the muscle were
studied. The polarization of tryptophan fluorescence
from glycerinated rabbit muscle was examined as a
possible indicator of changes in the average orientation
of some tryptophan-containing element of muscle
(.Aronbson Morales, 1969). Trivalent lanthanide ions
(Ln3+) were used as a substitute for calcium ions (Ca2+)
in the study of troponin-c (TN-C). Two classes of
binding sites for the lanthanides, corresponding to the
high and low affinity sites for Ca2+, were suggested to
exist by examining the fluorescence intensity from the
lanthanides bound to the TN-C (Wang, et al., 1981). The
distance between the high affinity sites of TN-C was
measured by means of the luminescence decay measurement
for the terbium ions bound to the TN-C (Wang, Tao
Gergely, 1982).
*: Latent period is defined as the time between the
electrical stimulus and the onset of the movement of the
diffraction.
13
Meanwhile, muscle fibres labelled with
fluorescent agent were studied. Fluorescence appeared as
the labelled muscle fibres were excited by some specific
light sources. Rhodamine was used to stain a single
glycerinated muscle fibre by Borejdo, Putnam and Morales
(1979). The rhodamine was excited by polarized 514.5 nm
laser light. Borejdo et al. tried to correlate the
fluctuations in polarized fluorescence to the muscle
cross bridges repetitive rotation during. contraction.
For the fresh muscle system, it was reported
that Nile Blue A (Caputo, Vergara Bezanilla, 1979
Bezanilla Horowicz, 1975) and mercyanine (Vergara
Bezanilla, 1976) were used as the fluorescent dyes.
Fluorescence emission was measured at right angle to the
exciting light using a cut-off filter which absorbed
light from the exciting source. Fluorescence changes
during electrical activity were then recorded (Vergara
Bezanilla, 1976 Bezanilla Horowicz, 1975). However,
information acquired was limited due to the broad band
of the fluorescence signal from those organic dye and
the toxic effect on the muscle.
We describe in this dissertation how a new
kind of fluorescent agent acts as a probe to the living
muscle system. The fluorescent probe is chosen such that
the fluorescence signal from the probe contains distinct
sharp peak in the fluorescence spectrum, and the
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application of the probe t.o the fresh muscle has no or
little toxic effect. We embark on searching this probe
since we want to gain some dynamic data during the
process of contraction. We believe that this information
should give us the most valuable guidance to elucidate
the mechanism of muscular contraction.
1.4 Fluorescent Probes: The Lanthanide Ions
Lanthanide ions were chosen to act as the
fluorescent probes. The lanthanides (Ln) are a group of
metals having the 6s orbital filled and in the 4f level
from zero up to fourteen electrons (Table 1.1). In the
order of increasing atomic number the elements are
lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium,
holmium, erbium, thulium, ytterbium and lutetium. The
unfilled 4f shell produces a very large number of low-
lying levels. The electronic transitions between these
levels give a many-line spectrum for each element. And
the triply ionized lanthanides in aqueous solution
retain their sharp energy levels with only slight
modification (Dieke Crosswhite, 1963). Possession of
sharp line spectrum is the quality which makes
lanthanides become excellent probes to the fresh muscle
system.
15
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Lanthanide ions, especially terbium (III) and
europium (III),. have been used as probes in many
biological systems (Martin Richardson, 1979;
Richardson, 1982). Among those systems, protein Tn-C
has been mentioned in the section 1.3 (Wang et
al., 1981). One of the lanthanides which had been
studied frequently was lanthanum. The mechanical and
electrical response of muscles after immersed in
lanthanum contained Ringer's solution (See ch2.1) was
measured thoroughly by different groups of researchers
(Parry, Kover Frank, 1974 Andersson Edman, 1974a,b;
Dorrscheidt-Kaffer Kuttgan, 1974 Dorrscheidt-Kaffer,
1981 Hatae, 1982). The side-effect on the muscle was
shown to be acceptable and the lanthanum-induced changes
were completely reversible by re-immersion of the fibre
in the normal Ringer's solution (Andersson Edman,
1974a).
Consequently, lanthanide ions seem to be the
ideal probes we are seeking. We shall then describe the
experiments developed to make use of the lanthanide ions
as probes to the fresh muscle system. Firstly, the
absorption spectra- and emission spectra of the
trichloride crystals of lanthanides were mearsured at
the room temperature. The tri-positive ions in solution
were then treated accordingly. Finally, spectroscopic and
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mechanical properties would be studied after the
application of Ln+3 to the muscle fibres. And so the







2.1 Muscle_ Samples and Solutions
The skeletal muscle we studied were taken
from frog legs. The dorsal head of semitendinosus muscle
of frog (Ranna Tigrina Regulosa) (Fig. 2.1) was
dissected just after the frog was killed by striking its
head with a heavy blow. The whole muscle from the leg
was then mounted horizontally in the chamber designed by
Chan (1982) (Fig. 2.2). Its tendons were tied to the
holders with strings. The chamber was filled with normal
Ringer's solution such that the whole muscle was
completely submerged. The normal Ringer's solution was
composed of (in mM) NaCl, 115.5 KC1, 2.0 CaC121 1.8;
Tr i s- (hydroxymethyl) -am inomethane (see appendix A), 2.0
and had a pH value of 7.2. Hence, it provided
surroundings similar to those within the frog's body.
For the fluorescence measurement, bundles of
about 500 fibres were needed. Fibres on the surface of
the muscle bundle were excised by scissors. For the
tension measurement, one to ten fibres were isolated.
Large fibre bundle was necessary for the fluorescence
measurements because the fluorescence emission came
mainly from optical probes attached to the surface of
muscle. The fluorescence intensity increased with the
20







(Source: Squire, 1981, p.5)
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surface area of the muscle bundle. On the contrary, side
effects on the muscle due to the lanthanide ions could
be read out clearly when measuring fibres' tension if a
smaller number of fibres were examined. It was because




Suppose that a photon of certain frequency is
absorbed by an atom. Energy of the photon is transmitted
to a bound electron resulting in the excitation of the
atom. The excited atom may be de-excited by means of the
fluorescence. It will drop to a lower energy state
rapidly (roughly 10-7 sec.) with the emission of a
photon of lower energy than the incident primary photon
(Hecht and Zajac, 1974). In order to find out the most
effective light source for the fluorescence measurement,
experiments were carried out to locate absorption peaks
over the visible spectrum for various lanthanide
crystals in room temperature.
Oxides of lanthanides were bought from
Research Chemical, Arizona, USA, in analytical grade
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(99.99% purity). Salts of lanthanide trichoride for each
kind of lanthanide was produced by dissovling the oxide
into a concentrated hydrochloric acid. An addition of a
few drops of hydrogen peroxide and a continuous heating
were needed to catalyse the reaction.
Crystals of LnC13 grew slowly as the above solution was
placed within a desicator with NaOH as the desiccant for
weeks.
A small amount of LnC13 salt was held in a
holder as illustrated in Fig. 2.3. Light coming from an
tungsten-halogen lamp was focused on the sample with a
lens. The light through the crystal was collected and
directed into a spectrometer (Spex model 1702 Czerny-
Turner 0.75 m scanning spectrometer). Inside the
spectrometer, light was dispersed by a grating (1200
grooves/mm, blazed at 500 nm). Intensity at a certain
wavelength* (the uncertainty determined by the slit
width of the spectrometer) was measured with a
photomultiplier tube (Hamamatsu R928) mounted at the
*: Dispersion of the spectrometer (Spex 1702) is













exit slit of the spectrometer. The electric output
signal of the photomultiplier was fed into a X-Y
recorder (Yokokawa type 3046 one pen recorder loaded
with self folding chart). With the automatic wavelength
scanning system, the absorption spectrum could then be
recorded continuously (Fig. 2.3).
2.2.2 Fluorescence Measurement
After the absorption peaks had been located,
light sources with corresponding wavelengths were used
to act as excitation agents. Hence, fluorescence
analysis could be implemented for the triply ionized
lanthanides salts and solutions, and also for the Ln3+_
bound muscle fibres.
Argon-ion gas laser (Spectra Physics, model
164-03) was found to be a convenient light source which
provided a highly monochromatic and continuous beam.
Nine discrete wavelengths could be generated in turn
under ordinary operation (Appendix B). For each species
of lanthanide ions, there were some laser lines matched
with some absorption peaks (see table 3.1). Therefore,
the laser light could excite a certain Ln3+ state
directly. It was known that Ln3+ absorption appeared in
the ultraviolet light region for certain ions (Yost,
Russell and Garner, 1947). Thus, hydrogen lamp was used
to act as the ultraviolet (UV) light source to excite
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Tb3+ and Eu3+. Comparision between the argon-ion laser
and the hydrogen lamp as an excitation source was then
made.
For the UV excitation, light from the
hydrogen lamp (Appendix C) passing through a filter,
which was UV transmitting and visible light absorbing(
ESCO Products, CS #7-54 absorption range 400 nm to
670 nm), was focused on the the sample. The fluorescence
emission was collected at right angle to the incidient
beam and directed into the spectrometer (Spex) for
spectrum analysis. All lens and sample cells involved
were quartz (Fig. 2.4).
When the argon-ion laser was used as the
excitation light source, the laser beam with suitable
wavelength was directed to illuminate the sample.
Spectrum was then recorded by analysing fuorescent light
collected at right angle to the laser beam with the
spectrometer. Arrangements differed slightly for
different forms of samples. A long pass f i l ter (Kodak
Wratten filter) was needed, in the experiment dealing
with crystal salts of lanthanide trichlorides, to screen
the strong scattering light of incident laser beam no
filter was needed when dealing with solution of LnC13
(Fig. 2.5). Double monochromators must be used when.
investigating the fluorescent properties of Ln3+ probed






Quartz Sample Cell Quartz Lens
Spectrometer
Fig. 2.5 Experimental Arrangement Of Laser Induced Fluorescence measurement
Argon Ion Laser X-Y Recorder
Photomultiplier
Sample Long Pass Filter Spectrometer
Cell (optional)
Fig. 2.6 Double Spectrometer System To Measure Laser Induced Fluorescence Emission
Si: Spectrometer 1 (Spex 1702)









muscle (Fig. 2.6) since the signal was much weaker' than
the scattered laser light. The fluorescence peaks and
the incident beam were highly resolved after being
dispersed twice.
To find out whether there was any existence of
intrinsic fluorescence of muscle, direct excitation of
the muscle with laser (488.0 nm line) was tried. Then
Ln3+ was made to stain the muscle by submerging a bundle
of fibres into the Ln3+ contained Ringer's solution. The
time of perfusion was about forty-five minutes to one
hour. The pH value was between 5.5 to 7.0 such that the
precipitation of Ln (OH) 3 was limited. The Ln3+-Ringer's
solution was produced by adding LnC13 crystals into
normal Ringer's solution. The solution was stirred
continuously for days to guarantee the equilibrium of
Ln3+ cations and precipitation of Ln (OH) 3. The
concentration of Ln3+ was determined by the pH value of
the solution.
2.3 Tension Measurement
As extrinsic chemicals were added to the
living muscle, it was valuable to measure their toxic
effects on the muscle because side effects were one of
the determining factors to assess the usefulness of an
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optical probe. Tension was one of the parameters to
measure the side effects. Static and twitch tensions
were recorded as the fibres were immersed into normal
Ringer's solution and normal Ringer's solution
containing Ln3+.
A bundle of fibres was placed in a lucite
vessel filled with Ringer's solution. A mechano-elastic
force transducer (Cambridge Technology, Inc., model 405
Appendix D) was mounted at one end of the chamber. The
bundle was kept in place by fastening the tendons to the
transducer head and a stainless hook. The position of
the stainless steel hook could be set by means of a
screw. The chamber was 5 cm wide, 3 cm deep, 15 cm long
and contained about 150 ml solution.
The bathing solution was changed by flushing
for approximately 15 min. Ln3+ contained Ringer's
solution was poured at the end of the chamber near the
transducer while the mixed solution was removed through
a drain at the other end. A needle was mounted on one
side of the chamber to monitor the water level during
the change of solution. The water level was adjusted
just to touch the tip of the needle by controlling the
removal of solution carefully. Thus, the tension was
measured under the same water pressure and surface
tension (Fig. 2.7). The pH value was monitored










He-Ne Laser Sponge C R0 X-Y Recorder
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continuously with a digital pH meter (Corning 3D)
immersed in the solution.
The average sacormere length of the bundle at
rest was determined by laser light diffractometry
(Appendix E). The overall bundle's length was adjusted
to give an average sarcomere length of 3.0 microns in
the static tension measurement. To measure the twitch
tension, an isolated fibre was used. A single peak was
anticipated to appear in the response curve. However, if
a bundle of fibres, more than one fibre, was examined, a
complicated result could be expected. Since each fibre
had different latent period, peak tension and relaxation
time, a multi-peak curve would be recorded. The average
SL of the isolated fibre was adjusted to about
2.7 microns. If it was stretched to longer than this
length as at rest, it would be easy to break as a
electrical stimulus was applied.
To measure the twitch response, the fibres
were stimulated by an electrical pulse through two
platinum wire electrodes parallel to the fibres. The
separation of the two wires was 1 cm. The positions of
two electrodes and the fibres were so adjusted that they
were on the same plane. Electric pulse with 1 ms width
and 30v amplitude was generated by a pulse generator
(Farnell PG5222).
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When static tension, or tension at rest, was
measured, the signal output of the transducer was fed
directly into a X-Y recorder (Houston Instrument,
Omnigraphic 100 recorder) On the other hand, a 200 point
signal averager (Data Laboratory Ltd., DL102) was used
to store temporarily the transient variation of signal
during the twitch tension measurement. Visual display on
an oscilloscope (Tele-equipment, D67) could then be
obtained, or a hard copy on paper could be provided with
the X-Y recorder's plotting.
The muscle chamber was fixed on a heavy
copper plate to increase the inertia of the system. The







3.1 Absorption Spectra of Crystals of Lanthanide
Trichorides
The room temperature absorption spectra of
five LnC13.6H20 crystals were recorded (Fig. 3.1-3.5).
The lanthanides studied were praseodymium (Pr), samarium
(Sm), europium (Eu), terbium (Tb), dysprosmium (Dy). The
peaks of absorption over the visible light range were
identified at ambient temperature for each sample. Their
wavelengths were determined. Therefore, the absorption
peaks of PrC13 were the most prominent of the five
lanthanides studied. EuC13 had a sharp dip at about
465nm and TbCl- had the absorption peak at 485 nm.
3.2 Fluorescence of Lanthanide Trichloride Salts
Laser induced fluorescence spectra of the
lanthanides trichiorides were taken at room temperature.
The samples examined were in the state of crystal or
concentrated aqueous solution for each species of
lanthanides (Fig. 3.6-3.13). The lanthanides involved
were terbium, europium, samarium and dysprosium. The
emission spectra covered the visible light range from
500 nm to 700 nm.
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Lines of argon-ion laser chosen to excite
Tb3+ and Sm3+ were 488.0 nm, where Eu3+ and Dy3+ were
excited with 465.8 nm and 476.5 nm (Table 3.1). Although
the praseodymium trichioride was found to have strong
capability of absorption at 446.0 nm, 470.0 nm, 484.0 nm
and 595.0 nm, no visible emission had been observed by
pumping with 472.7 nm and 488.0 nm lines of argon-ion
laser. The absorbed energy was released through
processes of non-radiative transitions. The spectra of
TbC13.6H2O and EuC13.6H20 crystals displayed two to
three sharp peaks peaks for SmC13.6H2O and DyC13.6H20
crystals were rather broad. The line width of the
fluorescence lines for different salts were tabulated in
table 3.2 Furthermore, the fine structures in the
fluorescence peaks of TbCl3 and EuC13 salts were
smoothed out when the salts were dissolved in aqueous
solution.
Similar emission spectra were recorded with
an UV excitation source for the salt of terbium (Fig.
3.14). The broad band appeared beyond 630.0 nm was the
light partially transmitted through the filter from the
hydrogen lamp.
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Fig. 3.1 Absorption Spectrum Of PrC13.6H2O Crystal
(The light source was tungsten-halogen lamp.








Fig. 3.2 Absorption Spectrum Of SmC13.6H2O Crystal
(The light source was tungsten-halogen lamp.








Fig. 3.3 Absorption Spectrum Of EuCl3.6H2O Crystal
(The light source was tungsten-halogen lamp.
The slit of the spectrometer was 0.2mm wide.)
463nm





Fig. 3.4 Absorption Spectrum Of TbC13.6H20 Crystal
(The light source was tungsten-halogen lamp.







Fig. 3.5 Absorption Spectrum Of DyC13.6H20 Crystal
(The light source was tungsten-halogen lamp.






Fig. 3.6 Fluorescence Spectrum Of TbC13.6H2O Crystal
(The excitation source was the 488.0 nm line
of argon ion laser. The slit width was 0.4mm.




Fig. 3.7 Fluorescence Spectrum Of EuCl3.6H2U Crystal
(The excitation source is the 465.8 nm line
of argon ion laser. The slit width is 0.4mm.




Fig. 3.8 Fluorescence Spectra Of SmC13.6H20 Crystal
(The excitation sources were a. the 465.8 nm line
b. the 488.0 nm line of the argon ion laser. The slit width was 0.4mm
a)
b)




Fig. 3.9 Fluorescence Spectra Of DyC13.6H20 Crystal
(The sample was excited with three different lines of argon ion laser.








Fig. 3.10 Fluorescence Spectrum Of TbC13 (Aqueous Solution,
(The excitation source was the 488.0 nm line of
argon ion laser. The slit width was lmm.)




Fig. 3.11 Fluorescence Spectrum Of EuC13 (Aqueous Solution)
(The excitation source was the 465.8 line of argon
ion laser. The slit width was 0.8mm.)




Fig. 3.12 Fluorescence Spectrum Of SmC13 (Agueous Solution)
(The excitation source was the 488.0 nm line of
argon ion laser. The slit width was 0.8mm.)




Fig. 3.13 Fluorescence Spectrum of DyC13 (Aqueous Solution
(The excitation source was the 476.5 nm line of
argon ion laser. The slit width was 0.8mm.)




Fig. 3.14 Fluorescence Spectrum Induced By UV Light Of TbC13.6H20 Crystal
(The excitation source was a hydrogen lamp with a UV transmitting
filter. The slit width was lmm.)






Matching The Argon Ion Laser Lines with The Absorption
Dips of Ln3+












Line Width Of The Fluorescence Lines For Different
Lanthanide Salts








3.3 Fluorescence of Ln3+_Probed Muscle
After the basic spectroscopic properties of
Ln3+ were tried out, we attempted to use them to probe
the fresh muscle. A bundle of fresh muscle fibres was
immersed in the Ln3+-Ringer's solution for 45 min. to
60 min. with concentration of Ln3+ from 1 to 2 mM. The
sample was then transferred into a sample cell filled
with normal Ringer's solution. Laser induced
fluorescence spectra of these samples were recorded
(Fig. 3.15-3.16). The Ln3+ used in this treatment were
En3+ and Tb3+ because they possessed relatively sharp
fluorescence peaks. The emission spectrum of the normal
Ringer's solution was also taken down with the same set
up for comparison (Fig. 3.17). I n the spectra, it showed
that broad peaks appeared at 585 nm for Tb3+ probed
muscle and at 560 nm for Eu3+ probed muscle. Actually,
they were the peaks of the laser excited spontaneous
Raman scattering of the bathing solution.
In the experiment, the muscle was mounted
vertically within the sample cell. Since the slits of
the spectrometer were in the vertical direction, more
light could be collected for analysis with this
arrangement. The signal in this experiment was so weak
that particular attention must be paid to screen out the
scattered laser light. Therefore, a double spectrometer
set up was used.
Fig. 3.15 Laser Induced Fluorescence Spectrum Of Tb3+-probed Muscle
(The excitation source was the 488.0 nm line of argon ion
laser. The slit width was 5mm. The perfusion time of the
muscle in the Tb3+-Ringer's solution was 1 hour and the
PH value of the solution was 6.)




Fig. 3.16 Laser Induced Fluorescence Spectrum Of Eu3+-probed Muscle
(The excitation source was the 465.8 nm line of argon ion laser.
The slit width was Smm. The perfusion time of the muscle in the
Eu3+-Ringer's solution was 45min. and the PH value of the solution was 6.5.)
500 550 600 650 nm
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Fig. 3.17 Laser Induced Emission Spectrum Of The Normal Ringer's Solution
(The excitation was the 488.0 nm line of argon ion laser.
The slit width was 0.5mm.)





3.4 Effects of Ln3+ on the Twitch Tension and the
Static Tension of Isolated Fibre
The effects of Tb3+ and Eu3+ on the twitch
and the static response of isolated muscle fibre were
tested with pH of 6. To measure the static response, a
bundle of less than 5 fibres, stretched to have an
average SL of 3.0 microns, was bathed in the normal
Ringer's solution at first, the tension at rest was
recorded continuously. Afterwards, the bathing solution
was changed by flushing with solution containing Eu3+
and Tb3+. There was no special change in the response
curve. Since the tension was decreasing at a constant
rate due to some minor injury during the excision of
muscle fibres, a fall in the static tension was recorded
at the point of changing solution. The time lapse for
changing solution was about 10 to 15 mimutes (Fig. 3.18-
3.19).
On the other hand, a promient and rapid
change in twitch response was observed when Ln3+ was
introduced into the bathing solution. The isolated fibre
lost its excitability under the stimulation of
electrical pulses after the treatment of lanthanide ions
(Fig. 3.20-21). A small rapid fluctuation in the twitch
response curve of the Ln3+ treated fibre. was observed.
It was due to the vibration of the set up and the
disturbance of the solution when the oxygen and hydrogen
59
bubbles formed at the electrodes were rising up.
Fig. 3.18 Static Tension Of A Bundle Of Five Fibres As Perfused With Eu3+-Ringer's Solution At pH 6.2
Normal Ringer's Solution Eu3+ -Ringer's Solution





Fig. 3.19 Static Tension Of A Bundle Of Ten Fibres As Perfused With Tb3+ -Ringer's Solution At pH 6.3
Normal Ringer's Solution Tb3+ -Ringer's Solution





Fig. 3.20 Twitch Tension Of An Isolated Fibre In
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Fig. 3.21 Twitch Tension Of An Isolated Fibre In

















The main theme of our experiment is to
measure the fluorescence of the Ln3+-probed muscle.
Fluorescence emission spectra are recored as plots of
fluorescence intensity against wavelength for a given
intensity of excitation. Owing to the inherent weakness
of Ln3+ ions fluorescence, the measurement requires an
intense excitation source, a high-resolution
spectrometer, a low noise detector and a good-recovery
system. In order to find out the most effective light
source, absorption spectra of lanthanides have been
recorded such that the wavelength of absorption can be
located. Absorption coefficients of the media need not
be calculated. No normalization of the absorption
spectra with respect to the source, tungsten lamp
spectrum, is made. It is because we are only interested
in the wavelengths of absorption. Since some lines of
the continuous wave (CW) argon-ion laser fortuitously
match with some absorption lines of Tb3+ and Eu3+, the
argon-ion laser provides a convenient visible light
source of excitation (See table 3.1). It can pump a
specific state directly and offers a source of
exceedingly high intensity compared with thermal light
sources. The high degree of collimation of laser light
maximizes the utilization of the available energy.
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However, the intense laser light leads to a
strong scattering from the sample. The light collected
for analysis therefore contains the induced fluorescence
emission and a large amount of scattered laser light.
Though the fluorescence light is collected at right
angle to the incident beam and the sample cell is
rectangular in shape so that the incident light directly
reflected into the spectrometer is greatly reduced, the
signal to noise ratio has not been raised. Ideally,
light of different wavelengths can be separated
spatially with the diffraction grating mounted inside
the spectrometer. Since the intensity of the scattered
laser light is much higher than that of the fluorescence
emission, the laser light scattered by the black walls
inside the spectrometer is at a measurable level. This
factor deters the reliability of the spectrum produced
by using one spectrometer. A double spectrometer system
is set up to analyse the spectrum. In practice, the
stray light ratio can be very significantly reduced by
using a double spectrometer system. The stray light
ratio of a double monochromator system is the square of
that of a single instrument of the same type under
similar conditions. The laser light and the fluorescence
emission are therefore well-resolved after being
dispersed with two gratings successively (see Fig. 2.6).
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In recording emission spectra from samples
containing normal Ringer's solution, spontaneous Raman
spectrum of the aqueous solvent is excited by the
incident laser light. The Raman scattering is pertinent
to the vibrational spectrum of a molecule. A molecule
can absorb radiant energy in the far-infrared and
microwave regions converting it into rotational kinetic
energy. Furthermore, it can absorb infrared photons
transforming that energy into vibrational motion of the
molecule. Finally, a molecule can absorb energy in the
visible and utraviolet regions through the mechanisms of
electron transitions much like those of an atom (Hecht
and Zajac, 1974). Suppose that the H2O molecule is in a
vibrational level which is denoted, using quantum
mechanical notation, as la. This need not necessarily
be an excited state. An incident photon, of the laser
light, of wavenumber ki is absorbed to raise the system
to a certain intermediate or virtual state whereupon it
immediately makes a Stokes transition emitting a
(scattered) photon of wavenumber kski. In order to
conserve energy, the difference ki-ks=kr goes into the
H2O molecule which is then excited to a higher
vibrartional energy level I (Fig. 4.1). The most
prominent vibrational-band of Raman spectrum of liquid
water is a broad, irregularly shaped band with its
principal maximum near 3440 cm-1 (Eisenberg and
Kauzmann, 1969). This band is associated with O-H
stretching vibrations of the water molecules. By knowing
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that, the germane scattering wavenumber can be
calculated (Table 4.1) for a given wavelength of
excitation source. The peaks due to Raman scattering
which appear in the fluorescence spectra recorded are
the corresponding photon ks in the Stokes transition.
Finally, problems arise when extrinsic
optical probes are attached to the living muscle
immersed in Ln3+ contained Ringer's solution. The salts
of LnCl3 are dissolved easily into the solution but the
formation of Ln (OH) 3, in which Ln (OH) 3 precipitates
slowly, limits the number Ln3+ cations in the solution.
The solution turns into a white suspension with the
presence of Ln (OH) 3. The reactions involved are shown
below.
Eventually, an equilibrium state will be reached for the
reaction between Ln3+ and Ln (OH) 3. The concentration of
Ln3+ will be determined by the solubility product of
Ln (OH) 3 and the concentration of OH-, or the pH value of
the solution (Table 4.2). Let Ks stands for the
solubility product, then PKs is defined as
LnCl3 Ln3+ + 3Cl-
Ln3+ + 3OH- Ln(OH)3
pks = -log10 Ks'
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Table 4.1
Raman Spectrum of H2O
Laser Line Line of Raman Scattering
Ks
465.8 nm 555.0 nm
488.0 nm 586.0 nm
Raman Shift: 3440 cm-1
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Table 4.2
The Maximum Concentration of Ln3+ in Aqueous Solution at
a Fixed PH Value
Solubility Max. [Ln3+] (mM)Ln (OH) 3
PH 7 PH 6Product pKs
22.3 50 HighLa (OH) 3
27 10-3 1Eu (OH) 3
26 10-2 10Tb (OH) 3
26 10-2 10Dy (OH) 3
26 10-2 10Sm (OH) 3
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where
The pKs of Tb (OH) 3 and Eu (OH) 3 are 26 and 27
respectively (Burns, Townshend and Carter, 1981).
Therefore, the pH value of the solution is adjusted to
5.5-7.0 so that a large amount of Ln3+ will be available
in the solution. Then, the intensity of fluorescence
will be raised. On the other hand, less suitable
surroundings are provided for the muscle because the
bathing solution becomes more acidic. It need not
consider this point if La3+ is applied to a muscle for
the smaller _pKs value of La(OH)3. However, since no
visible fluorescence has been detected for the salt of
LaC13, the choice of using La3+ as probe is eliminated.
Of the four kinds of lanthanides, i.e. europium,
terbium, samarium and dysprosmium, we have recorded
their fluorescence spectra. Tb3+ and En3+ have shaper
fluorescence lines than that of Sm3+ and Dy3+ (see Table
3.3). The fluorescence intensity of Tb3+ is the
strongest of the four. Therefore, Tb3+ and Eu3+ are
chosen to act as the probes.
4.2 Optical Probes for Investigating muscle
Ln3+ ions are chosen as replacing fluorescent
probes for investigating muscular contraction mechanism
Ks = [Ln3+] [OH-]3
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because Ca2+ and Ln3+ have similar ionic radii (Martin
and Richardson, 1979). The Ln3+ ions are expected to
compete with calcium ions to bind at certain sites on
the membrane of a fibre. Calcium (Ca2+) occurs as an
essential inorganic ion in living systems. It plays an
indispensable role in the activity of muscular
contraction. A clear picture of the function of Ca2+
underlying the contraction process may be displayed by
examining the fluorescence of the substitute. We can
monitor the fluorescence spectra of the probe, the
lifetime of a particular transition of emission, and the
shift of the spectra as the muscle is electrically
activated. All these information will help to reveal
some interactions between the probes and the membrane.
4.2.1 Role of Ca 2+ Ion (Cohen, 1975)
Contraction of a fibre is a result of
depolarization of the fibre membrane. The depolarization
is produced via the nervous system in the body. For an
isolated fibre, it can be mimicked by a direct electric
stimulation of the muscular membrane through external
electrodes, by increasing the K+ concentration on the
outside of the membrane, or by altering the properties
of the membrane by direct application of some drugs. In
a muscle fibre at rest, a particular distribution of
ions exists on each side of the fibre membrane. Briefly,
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the equilibrium situation is one in which the bulk of
the K+ ions are on the inside of the fibre membrane,
while there is an excess of Cl- and Na+ ions on the
outside. The net effect of this distribution of ions is
that*an electric potential of about -90 mV exists across
the membrane. As the muscle is stimulated, the membrane
will suddenly be more permeable to all ions. The ions
redistribute rapidly and the membrane is said to be
depolarized. The membrane potential will then increase
to about +30 mV to 40 mV shortly due to an influx of Na+
ions into the muscle cell. This is the action potential
-which activates the contractile apparatus. An action
potential at one spot on the membrane also triggers a
similar redistribution of ions at the neighbourhood on
the membrane. The depolarization can therefore propagate
along the muscle. Usually, this is an all-or-none effect
in which total depolarization results provided that the
stimulus is above certain threshold level.
It is known that the depolarization and the
contractile apparatus are linked up by the mediator of
C a 2+ ion (Ebashi, Endo and Ohtsuki, 1969).
Depolarization of the muscular membrane causes the
liberation of Ca2+ ions from membrane-bound storage
sites at the sa-rcoplasmic reticulum into the
myofibrillar structure. The calcium ions bind to the
troponin which then modifies the position of the
tropomyosin molecules at thin filament so that the
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myosin heads can make contact with the actin molecules.
Hence, contraction of a muscle occurs when a relative
motion is generated between the myosin heads and the
actin molecular chain (Ebashi and Endo, 1968). The
sarcoplasmic reticulum (SR) is a.specialized membrane
system that surrounds the myofibrils. The Ca2+ ions
stored in some vesicles of SR which are called terminal
cisternae are released via a network of transverse and
longitudinal tubules. The transverse tubules, alongside
the Z-bands, are referred as the T-system where the
longitudinal tubules conincide with the M-line in the
middle of H-zone. This complex system of tubules serves
as canals for the flow of Ca2+ ions from the SR to the
contractile apparatus.
A trigger calcium hypothesis is developed
to explain how the calcium from SR is released into
myof ibr i l lar structure (Frank, 1982). According to the
hypothesis, there are Ca2+ ions bound into the
intracellular surface of the T-tubular membrane which
are named as the trigger Ca2+ ions. As an action
potential is raised, these trigger Ca2+ ions will be
released into the triadic junction (junction of the T-
tubule and the adjacent terminal cisternae). Then, these
Ca2+ will diffuse across the triadic junctional space to
the membrane of the terminal cisternac of the SR where
they stimulate the release of a large amount of Ca2+
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ions into the sarcoplasm. This increases the free
intracellular Ca2+ concentration sufficiently to
stimulate the contractile proteins and initiate a
mechanical response.
From this view, we can see that Ca2+ ions are
not the 'contracting' agent at the molecular level, but
are a liberating factor of existing repression. The
shuttle movement of Ca2+ ions between the two Ca-binding
sites, the troponin and the SR, is the essential
mechanism underlying the contraction-relaxation cycle.
4.2.2 Binding Site of Ln3+
In numerous experiments, the La3+ ions have
been found bound mainly to the cell membrane when
applied to different kinds of muscle (Langer and Frank,
1972 Andersson and Edman, 1974a,b Parry, Kover and
Frank, 1974 Dorrscheidt-Kafer, 1981 Dunbar, 1982
Hatae, 1982). Electron micrographs have been produced
and demonstrated that the precipitation of lanthanum is
limited to the outside of the surface membrane (Langer
and Frank, 1972 Dunber, 1982 Hatae, 1982). Owing to
the similarity of chemical properties among different
kinds of Ln3+ ions, Ln3+ ions other than La3+ are also
expected to bind only to the membrane of the myofibril.
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It has been suggested that there are
superficial binding sites on the extracelular surface of
the T-tubular membrane which are normally occupied by
Ca2+ ions. They tend to strengthen the binding of the
trigger Ca2+ ions to the T-tubular membrane. When the
extracellular Ca2+ ion concentration is reduced and more
trigger Ca2+ ions are released into the triadic junction
by an action potential, twitch is potentiated (Frank,
1982).
Lai+, Eu3+ and Tb3+ will compete with Ca2+
for these superficial binding sites because of the
proximity of chemical properties between Ca2+ and Ln3+,
especially the similarity of their ionic radii (Table
4.3). The electric potential at these sites may be
perturbed as the Ln3+ ions are bound in lieu of Ca2+
ions since excess positive charges are present. Since
the membrane is in negative potental, Ln3+ will bind
more tightly to these sites, which may in fact repress
the release of trigger-Ca2+ ions and cause a decrease in
active tension. It is found that the fibres lose their
excitability with the application of Tb3+ and Eu3+ in
the tension measurements. This result agrees with the
experiment performed by Parry et al (1974) to study the
effect of lanthanum on excitation-contraction coupling
in frog skeletal muscle. On the other hand, no prominent
change has been seen in that measurement of the static
tension. It is because the tension at rest does not
involve the release of trigger-Ca2+ ions.
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Table 4.3
Effective Ionic Radii (Angstrom) Of Lanthanide Ions
Coordination Number
Ion 6 7 8 9
La 3+
1.03 1.10 1.16 1.22
Eu3+ 0.95 1.01 1.07 1.12
Tb3+ 0.92 0.98 1.04 1.10
(Source: Martin and Richardson, 1979)
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4.2.3 Information from Fluorescence Emission
Spectra of fluorescence emission from Tb3+
and En3+ probes attached to fresh muscle have been
recorded with an argon-ion laser as the excitation
source. It is known that the lanthanide salts, both in
the solid state and in aqueous solution, have
fluorescence with an intensity which decreases as the
difference of atomic numbers of the rare earth element
and gadolinium (Gd) in the periodic table increases.
This agrees with the experimental results that Tb3+ and
Eu+3 show a more intense fluorescence emission, both in
crystal and in solution, than those of the other Ln3+
studied. In addition, the sharpness of their
fluorescence peaks makes Tb3+ and Eu3+ candidates as the
good probes.
Laser is employed instead of UV lamp since,
besides of convenience, the state to be excitated can be
recognized exactly (Dieke and Crosswhite, 1963
Richardson, 1982). For the Tb3+1the 5D4 level is
directly excited by 488.0 nm line of the argon-ion
laser.The lines of fluorescence emission at 545 nm,
585 nm and 620 nm correspond to the transitions of
5D4-7F, 7F41 7F3. The transition 5D4--7F6 is the
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relaxation to ground state, called Rayleigh scattering.
It possesses the same wavelength as that of the incident
light. Intensities of various emission bands differ in
their magnitude. The most intense one is the 5D4--7F5
band the weakest line is the 5D4--7F4 band. In
recording emission spectra of Tb3+ aqueous solution and
Tb3+_bound muscle, it is found that the Raman spectrum
of H2O overlaps the 5D4--7F4 (Fig. 4.2).
In the similar way, the 465.8 nm line of
argon-ion laser is employed to pump the 5D0 level of
Eu3+ directly. Two prominent peaks of fluorescence are
observed with wavelengths of 595 nm and 615 nm. These
lines are the transitions 5D0--7F2, 7F1 (Fig. 4.3). The
ratio of the intensity of 5D0--7F2 to that of 5Do--7F1
in the fluoresence spectrum of Eu3+-solution is
different from that in the fluoresence spectrum of Eu3+-
probed muscle. The intensity of 615 nm peak is stronger
than that of the 595 nm for the probed muscle, while the
615 nm peak is less intense for the Eu3+ contained
solution. Probably, it is because Eu3+ ion has bound on
a certain site-the superficial binding site, of the cell
membrane. Energy levels of the ion should therefore be
perturbed by surroundings. The electrostatic interaction
between the cations and the sites is the main factor.
The absorbed energy of the incident light may be
released by means of certain non-radiative de-excitation
process such that the probalility of radiative
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transition 5D0--7F1 decreases. This phenomenum cannot
be seen for Tb3+ due to the obstruction by the Raman
spectrum of water. Under such condition, the change of
transition probability can be interpreted as an evidence
of the binding of Eu3+ to the membrane. Consequently, it
may be worth to make further investigation on it.
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Fig. 4.2 Schematic Diagram Illustrating The Electronic










Fig. 4.3 Schematic Diagram Illustrating The Electronic














Examination of the fluorescence emission
spectra of muscle is one of the approaches to
investigate the underlying mechanism of contractile
activity. Due to the fact that intrinsic luminescence of
muscle does not appear, external fluorescent agent must
be labelled to it. The choice of an agent must base on
the considerations of the luminescence intensity signal
(signal to noise ratio), the spectral width of the probe
transition, the side effects and the site of the probe.
After studying the spectroscopic properties
of the LnC13 in solid or in aqueous solution, it seems
that Eu3+ and Tb3+ ions are the right probes we need.
Thus, they are used as probes on the muscle. The
recorded laser induced fluorescence spectra showed that
the signal to noise ratio was low. The signal was so
much weaker than the scattering incident light that a
double spectrometer system was employed to record the
spectra. With a double monochromator system, the
fluorescence signal and the scattered light were better
dispersed spatially. But the interference of Raman
spectrum to the 5D4--7F4 transition of Tb3+ may block
the information about siting of the ion on the muscle.
On the contrary, no obscurity was made on Eu3+ since its
transitions distinguish spectrally from the Raman peak
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with only slight overlapping at the low level of the
Raman broad band of the H20. It is believed that Eu3+
and Tb3+ ions can attach to the cell membrane. I t is
because those ions inhibit the muscular contraction as
the muscle is stimulated electrically, and also becasuse
the ratio of the intensity of 595 nm peak to the
intensity of 615 nm peak was different in the
fluorescence spectrum. of Eu3+_solution and the
fluorescence spectrum of Eu3+_probed muscle.
Side effects were measured in terms of the
static and the twitch tension. Fibres lost their
excitability after the application of lanthanide ion.
This implies that there is certain toxic effect on the
muscle. Therefore, our goal to record changes in
fluorescence intensity of the lanthanide ion with time
after the fibres have been activated by electrical
stimulus is limited. More parameters besides tension
can be monitored to measure the side effects in details,
for instance latent period, contraction and relaxation
velocity. These can be achieved by means of laser light
diffractometry provided that a high resolution, fast
responsed, or computer interfaced, photodector is set
up.
Compared with merocyanine, a fluorescent dye,
used by Vergara and Bezanilla (1976) to measure
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fluorescence change during electrical activity in frog
muscle, Ln3+ may give more informaion. A whole spectra
of Ln3+, over the visible range was recorded while only
a particular transition was monitored for the
myocyanine. It was hard to see any fine structural
change in a broad band of fluorescence of an organic
dye. However, the side effects and interference of the
Raman scattering obstructs the performance of Ln3+ to
act as a good optical probe. The ultimate difficulty is
the side effect since the obstruction of Raman
scattering can be moved out with a time resolved method.
Interference from the water Raman scattering can be
circumvented by the employment of time-resolved
spectroscopic techniques (Sudnick and Horrocks, 1979).
That is, by using a pulsed laser source along with a
variably gated detection apparatus, the instantaneous
Raman signal can be temporarily displaced from the long-
lived signal of interest.
In conclusion, up to now, the approach by
studying fluorescence emission is still at the first
stage. A further development will depend on the
searching for the good probe. The probe may bind to the
membrane or diffuse through the membrane into inner
cell. In case a good probe has been found, we can at
least advance one more step to measure the dynamic



















TABLE OF WAVELENGTHS AND THE CORRESPONDING POWERS OF THE
SPECTRA-PHYSICS MODEL 164-03 ARGON ION LASER











Appendix C- Spectrum of Hydrogen Lamp




The model 405 force transducer is supplied by
the Cambridge Technology, Inc. The design is based on a
variable diplacement capacitor whose plates are formed
by vacuum metalization on the surface of cantilevered
fused silica beams (Fig. D.1). The active, force
measurement, capacitor is compared electrically to a
matched reference device of identical size and
construction mounted beside it. An ouput signal current
is generated by the electronic device system (Fig. D.2)
which was proportional to the value of both the
reference capacitor and the force measurement capacitor.
When the two values of capacitance are equal, as when
there is no force applied to the output tube, the two
currents so generated are equal, and substracting them
electonically yields a zero result. If a force is
applied, the value of CForce due to the bending of the
associated beam and the amount of signal current through
it change in proportion. Hence, the electronic
substraction no longer give a zero result. The
difference will be proportional to the change in
capacitance and therefore the force applied (Cambridge
Technology, 1981).
Since the force measurement depends on the
difference in capacitance, care must be taken to the
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(Source: Cambridge Technology, Inc., 1981)
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connecting wire between the transducer head and
electronic box. The wire must be kept in fixed position
in order that variation in capacitance due to the wire
with respect to the earth can be eliminated. The body of
the transducer is waterproof except at the entry hole of
the output tube. But the transducer head must be
immersed in Ringer's solution such that the tension of a
bundle of living muscle fibres can be measured. Thus,
the entry around the output tube was coated with
petroleum jelly.
A small stainless steel hook is bonded to the
output tube of transducer head. The bond is made of low
melting point paraffin. Then the tendon of a muscle can
be attached to the transducer for tension measurement.
The scale factor between the voltage output
and the real weight was calibrated carefully before the
use of the transducer (Fig. D.3). The transducer head
was mounted in such a way that the output tube pointed
downward. Masses with different weights were suspended
vertically to the hook which bonded to the output tube.
Voltage output was measured with a digital voltmeter and
weights was measured with a pricise electronic balance
(Sartorius) with which weight could be measured up to
0.0001 gm.
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DETERMINATION OF SARCOMERE LENGTH WITH LASER
DIFFRACTOMETRY
The alternate structures of A-bands and I-
bands arranged along a bundle fibre make it be looked on
as a transmission grating. When a fibre is illuminated
normally by a laser beam, the diffraction angle e obeys
the following grating equation,
where SL is the sarcomere length, or is the diffraction
order and? is the wavelength of laser beam (Leung,
1983).
I n the experiment of determining the average
SL of fibres at rest, a helium-neon laser was used. Its
wavelength was 632.8 microns. The diffraction from all
illuminated spot on the fibre was projected on a screen
at 135 cm from the fibres. Table E.1 illustrated the
relation among the first order diffraction angles (E)),
the distance between. the first order diffraction line on
one side and the* zeroth order line (X), and the
corresponding sarcomere lengths (SL).
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Table E.1
Relation of the First Order Diffraction Angle and the
Sarcomere Length
(L: distance between the projection screen and the
bundle of fibres 0: diffraction angle X: distance
between the first order diffraction line on one side and
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